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[57] ABSTRACT 
A wireless local area network (LAN) station and 
method for operating the same. The station has a num 
ber of antennas for communicating with a similar num 
ber of LANs, respectively. Transmissions from one 
antenna are blocked when the other antenna is receiving 
RF signals. 

5 Claims, 6 Drawing Sheets 

AREA-1 

Mant 
10 



US. Patent Apr. 25, 1995 Sheet 1 of 6 5,410,738 

3%] D?I. 
1-9 

T11 is 
AREA-2 

1 

3; 

mil 
El FIG. 1 AREA 1 

DEE 



US. Patent Apr. 25, 1995 Sheet 2 0f 6 5,410,738 

E 
E‘ 11-] 
E‘ E 14d 

BUILDING-2 

FIG. 2 
14c 

1 

BUILDING-1 



US. Patent 

Mel 

Apr. 25, 1995 Sheet 3 of 6 5,410,738 

FIG. 3 
[10 

\--'$14f \J~_14g 

BUS [28 

NIC-1 NIC-2 NIC-3 

12a 12b 12c 

13/ MEDIUM-BUSY 



US. Patent Apr. 25, 1995 Sheet 4 of 6 5,410,738 

LAN CONTROLLER 6° - CPU 

* 62 v 

I 
.____7 _ _ _ _ _ _ _ _ _________| 

NIC-A 3° 32 

28\ 

' 34 

26 

- MEMORY 



US. Patent Apr. 25, 1995 Sheet 5 of 6 5,410,738 

FIG. 5A 

42 

TXCLK Z 

46 

CBS 2 

MED_BUST 
49aJ 

RTSA 

... I I I I I l I I I I I I I l I I I I I I I I I l I I l I I I I 



US. Patent Apr. 25, 1995 Sheet 6 of 6 5,410,738 

FIG. 5B 
______________________________ ____| 

: 
| r40 
"I 
I 
I 

: [104 l 
l 
I 
| 
l 
l 
l 
I 
I 
I 
l 

, I 

136 : 
1i ! RTSB 

130\ | 5° 

3 l 132 I 128 l 0 f : 
VCC | 

116 120 J, K122 I 
& W0 1 0 P0 {L CDT 

118 C _ '| 54 
I_ R6 I 

\124 T I 
\12e & | CTSB 

: 52 
140 | 

_______________________________ __l 



5,410,738 
1 

SYSTEM AND METHOD FOR LINKING 
WIRELESS LOCAL AREA NETWORKS 

The present invention relates to wireless local area 
networks. More particularly, it relates to linking two or 
more such networks and avoiding interference therebe 
tween when data is transmitted. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

“Local Area Network Having A Wireless Transmis 
sion Line”, US application Ser. No. 633,691, invented 
by A. Karnerman and H. van Bokhorst. 

BACKGROUND OF THE INVENTION 

Various methods are known for sharing network 
communication channels or links among stations in a 
local area network. One widely used method is known 
as CSMA/ CD, (carrier sense multiple access with colli 
sion detection). According to this method, a station 
wishing to transmit a message listens until the transmis 
sion channel is idle before commencing to transmit an 
information packet. Furthermore, the station continues 
to listen to the channel after commencing a transmis 
sion. If a collision is detected, indicating another station 
has also commenced transmission of an information 
packet, the station detecting the collision terminates its 
message transmission and transmits a jam pattern (or 
garble). In this manner, all other stations are informed 
of the collision. Once informed, the stations terminate 
message transmission and wait a random time before 
attempting to commence a further message transmis 
sion. 

The CSMA/ CD protocol is the subject of an interna 
tional (ISO) standard and corresponding IEEE Stan 
dard, No. 802.3, and has become a generally used proto 
col for LANs utilizing wired connections for transmis 
sion between the stations. In consequence, CSMA/CD 
LAN controller chips have become widely commer 
cially available. Several manufacturers produce such 
chips, complying with the IEEE 802.3 standard. An 
example is the Intel 82586 LAN coprocessor chip, avail 
able from Intel Corporation of Santa Clara, Calif, 
U.S.A. Such chips provide various functions useful in 
LANs, such as data rate range and backoff algorithm 
and con?gurable parameters such as slot time duration, 
retry counter offset and limit, and interframe spacing 
time. 
A disadvantage of wired LANs is that extensive ca 

bling is required to interconnect the stations. Cabling is 
generally inconvenient to install and gives rise to in?ex 
ibility if it is later desired to alter the physical locations 
of the stations. It has been proposed to utilize a wireless 
transmission link operating at radio frequencies to re 
place the cabling interconnections of a LAN. However, 
if only a single radio channel is to be utilized for such a 
LAN, the widely accepted CSMA/ CD protocol cannot 
generally be applied since a station cannot normally 
receive (or listen) while it is transmitting. 
A single radio channel or frequency band is com 

monly used by multiple LANs. Normally, there is no 
interference between such LANs if they are suf?ciently 
separated by distancev or by a physical barrier such as a 
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wall, ?oor or building. To increase the coverage area of 65 
a LAN, two or more LANs can be linked by a single 
LAN station which serves as a bridge. The bridging 
station is provided with a number of antennas, each 

2 
antenna communicating respectively to a designated 
LAN. A bridging station can apply an algorithm that 
learns which signal data transmitted in one LAN is 
destined to a station on the other LAN. Signal data 
received by the antenna associated with a ?rst LAN, 
can be retransmitted via the antenna associated with a 
second LAN. 
As noted, the bridging station has one antenna desig 

nated to receive signals from each LAN. Frequently, 
another (non-designated) antenna of the bridging sta 
tion will pick up signals intended to be received by the 
designated antenna. Upon detecting such a signal, the 
non-designated antenna will temporarily refrain from 
transmitting to avoid interfering with reception of the 
designated antenna. However, if the designated antenna 
receives a weak signal from its LAN, then the non 
designated antenna might not detect that signal at all. If 
the non-designated antenna does not detect the signal, it 
may assume that it is free to commence a transmission. 
However, if one antenna starts to transmit when the 
other is receiving data, the transmitted signal can easily 
interfere with reception on the other antenna. Such 
interference is the problem the present invention ad 
dresses. 

OBJECTS OF ‘THE INVENTION 
It is therefore an object of the present invention to 

‘reduce interference between a plurality of antennas 
connected to a local area network station. 

It is another object of the present invention to pro 
vide a new and improved method of linking two or 
more wireless local area networks. 

It is a further object of the present invention to pro 
vide a new and improved method for operating a wire 
less local area network station having a plurality of 
transceivers. 

It is yet another object of the present invention to 
provide a new and improved local area network station. 

SUMMARY OF THE INVENTION 

‘One form of the present invention is a method for 
operating a wireless local area network (LAN) bridge 
station. The bridge station has a number of antennas for 
communicating with a similar number of LANs, respec 
tively. Transmissions from one antenna are blocked 
when the other antenna is receiving RF signals. In a 
preferred embodiment, an electrical signal is generated 
by the antenna receiving RF signals. This electrical 
signal is used to control transmissions from the other 
antenna. 
Another form of the present invention is a local area 

network bridge (LAN) station. The bridge station in 
cludes ?rst and second transceivers for communicating 
with ?rst and second LANs, respectively. The station 
further includes means for blocking transmissions from 
one transceiver when the other transceiver is receiving 
RF signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an installation of a bridging LAN sta 
tion. 
FIG. 2 shows an alternative installation of a bridging 

LAN station. - 

FIG. 3 is a block diagram showing the connection of 
antennas to a bridging LAN station according to the 
present invention. 
FIG. 4 is a block diagram of a bridging LAN station 

and network interface card. ' 
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FIGS. 5A and 5B show detail of the signal generator 
circuit of FIG. 4. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 shows a LAN station 10 used as a bridge 
between two LANs which are deployed in AREA-1 
and AREA-2, respectively. The stations in AREA-1 are 
designated by an “x” and those in AREA-2 by a “y”. 
AREA-1 and AREA-2 are separated by a wall 11 
which forms a barrier against the transfer of RF signals 
between the two areas. Each station x and y includes a 
network interface card (NIC) (not shown) as an inter 
face between the station and its antenna. 

Station 10 is provided with two NICs (not shown) 
which connect it to antennas 14a and 14b, respectively. 
Antenna 14a is positioned within AREA-1 and antenna 
14b is positioned within AREA-2. Station 10 is located 
in AREA-1. However, station 10 may be located‘wher 
ever convenient as long as antennas 14a and 14b are 
deployed respectively in AREA-1 and AREA-2. 
The stations in AREA-1 are linked by RF signals as 

are those in AREA-2. Wall 11 presents a high attenua 
tion path for these RF signals, such that the stations in 
AREA-1 and AREA-2 cannot operate all together as a 
single LAN. Because of the high attenuation, there is 
not much interference between x and y stations. Fur 
thermore, transmissions within each LAN are prefaced 
by a network identi?cation code which is generally 
different for the two LANs. For communication be 
tween the LANs, station 10 serves as a bridge. For 
example, station 10 receives signals from stations x 
through antenna 14a, stores the signal data in its mem 
ory, and retransmits the signal data to stations y over 
antenna 14b. 
FIG. 2 shows an alternative installation for LAN 

stations used as a bridge between LANs. In this embodi 
ment, LAN station 10a forms a bridge between a LAN 
deployed in BUILDING-1 and a directional antenna 
140. In a similar arrangement, LAN station 10b forms a 
bridge between a LAN deployed in BUILDING-2 and 
a directional antenna 14d. Directional antennas 14c and 
14d are typically located at a relatively large distance 
from their respective stations 10a and 10b by way of 
extension cables. For example, antennas 14c and 14d can 
be located on a roof or outside a building wall. Direc 
tional antennas 14c and 14d are pointed at each'other 
and have a range of several miles. 
FIG. 3 shows the connection in LAN station 10 be 

tween antennas 14e, 14f, 14g, network interface cards 
(NIC-1, NIC-2 AND NIC-3) and LAN station bus 28. 
Bus 28 is connected to a host CPU and memory (not 
shown) and has a number of expansion slots to which 
the NICs are connected. The FIG. 3 diagram does not 
correspond to the FIG. 1 or 2 con?guration. For illus 
tration purposes, it shows the connection of three anten 
nas: a directional antenna 14e and local area antennas 
14f and 14g. A signal line 13 for a MEDIUM_BUSY 
signal interconnects NIC-1, NIC-2 and NIC-3, as will 
be described more fully. 
FIG. 4 shows more detail of a station 10 such as 

depicted in FIG. 1. Station 10 includes network inter 
face cards NIC-A and NIC-B, a central processor unit 
(CPU) 24, and a memory 26. NIC-A and NIC-B have 
similar con?gurations, so only NIC-A is shown in de 
tail. NIC-A includes transceiver 20, a LAN controller 
22 and a signal generator circuit 40. A local bus 28 is 
connected to LAN controller 22 by a bus 30, to CPU 24 
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4 
by a bus 32, and to memory 26 by a bus 34. LAN con 
troller 22 is a commercially available LAN controller 
device, suitable for the CSMA/ CD (carrier sense multi 
ple access with collision detection) protocol. In a pre 
ferred embodiment, LAN controller 22 is an Intel 82586 
LAN coprocessor chip, available from intel Corpora 
tion of Santa Clara, Calif, USA. 

Transceiver 20 and LAN controller 22 are intercon 
nected by a bus 36 which carries data and control sig 
nals. Signal generator circuit 40 is interposed between 
transceiver 20 and LAN controller 22. 

Signal generator circuit 40 receives transmit clock 
pulses TXCLK from transceiver 20 over line 42 and a 
request-to~send signal RTSA from LAN controller 22 
over a line 44. Signal generator circuit 40 also receives 
a carrier sense signal CR8 and a clear-to-send signal 
CTSA from transceiver 20 over lines 46 and 48 respec 
tively. Circuit 40 receives a medium busy MED_BU 
SY/signal over line 49a. The TXCLK pulses on line 42 
and the CRS signal on line 46 are also applied directly 
to LAN controller 22. 
Line 49 (MEDIUM_BUSY signal) is connected to 

signal generator circuit 40 through an open collector 
inverter 51. The output of inverter 51 (the MED_BU 
SY/ signal) is connected to signal generator 40, line 49a 
and to a voltage source V REFthrough a resistor R. Line 
49a is connected to NIC-B (as well as the other network 
interface cards connected to LAN station 10). Open 
collector inverter 51 allows a MEDIUM_BUSY signal 
from any connected NIC to activate MED_BUSY/by 
pulling line 49a low. In this manner, the MEDI 
UM_BUSY signal from any transceiver 20 in LAN 
station 10 is applied to all signal generators 40. As will 
be described, each transceiver can thereby control 
transmissions from the other transceivers. 

Signal generator circuit 40 provides an output re 
quest-to-send signal RTSB over a line 50 connected to 
transceiver 20, an output clear-to~send signal CTSB 
over a line 52 connected to LAN controller 22, and an 
output simulated collision detect signal CDT over a line 
54 also connected to LAN controller 22. The functions 
of the various signals applied to, and provided by, signal 
generator circuit 40 will be explained in detail later. 
LAN controller 22 is connected to CPU 24 over 

signal lines 60 and 62, whereby control signals (such as 
interrupts) may be passed between CPU 24 and LAN 
controller 22. LAN controller 22 operates according to 
the CSMA/ CD protocol, as set forth for example in the 
previously mentioned IEEE 802.3 standard. LAN con 
troller 22 is a commercially available LAN controller 
device. 
FIGS. 5A and 5B show details of signal generator 

circuit 40. Input line 42, which carries the TXCLK 
pulses is connected to an inverter 70, the output of 
which is connected to the count input of 4-bit counter 
72 having its QD output connected over a line 74 to a 
4-bit counter 76, the QB output of which is connected 
over a line 78 to the D input of a D-type ?ip-?op 90. 
Input line 46, which provides the carrier sense signal 
CRS, is connected over lines 84 and 86 to reset inputs of 
counters 72 and 76, respectively. It should be under 
stood that the devices 70, 72, and 76 together form a 
timer, indicated generally as 88, such that an active 
signal appears at the QB output of counter 76 after a 
time corresponding to 32 TXCLK periods from the 
falling edge of the CRS signal. 
The Q output of ?ip-?op 90 is connected to the clock 

input of a D-type ?ip-?op 92. The clock input of ?ip 
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?op 90 is connected over a line 94 to input line 42. The 
D input of ?ip-?op 92 is connected to a supply voltage 
V“. Input line 46 is connected to an inverter 98, the 
output of which is connected to the reset inputs of ?ip 
?ops 90 and 92, over lines 100 and 102, respectively. 
With this arrangement, the Q output of ?ip-?op 92 
provides a window start signal WS on an output line 
104. 
Line 104 is connected to the reset input of an 8-bit 

shift register 106 (FIG. 5A), the clock input of which 
receives the TXCLK pulses over a line 108 connected 
to input line 42. The outputs of shift register 106 are 
connected to respective inputs of a header 109, having 
its outputs commonly connected to a line 110, whereby 
a desired one of the shift register outputs may be se 
lected to apply a corresponding delayed signal to output 
line 110. Line 110 is connected to an inverter 112 whose 
output on line 114 provides an active low window end 
signal WE/. The WS and WE/signals on lines 104 and 
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114 are applied to an AND gate 116, the output of 20 
which provides a window signal WD on a line 118. 
The window signal WD on line 118 is applied to an 

OR gate 120, the output of which is connected to the D 
input of a D-type ?ip-?op 122, the Q output of which is 
connected to output line 54 to provide the simulated 
collision detect signal CDT. The clock input of ?ip-?op 
122 is connected over a line 124 to receive the TXCLK 
pulses from input line 42. The reset input of ?ip-?op 122 
is connected over a line 126 to input line 44 which 
carries the request-to-send signal RTSA. 
The Q output of ?ip-?op 122 is also connected via a 

line 128 to an input of OR gate 120 and to an input of an 
OR gate 130. Another input of OR gate 130 is con 
nected to the output of an AND gate 132 which has 
inputs connected, respectively, to the output of inverter 
98 and to the output of inverter 112. 

Input line 44 is also connected to a NAND gate 47, 
the output of which is connected to an input of a NOR 
gate 136, a second input of which is connected to the 
output of OR gate 130. The output of NOR gate 136 is 
connected to the output line 50 to provide the request 
to-send signal RTSB. 

Input line 48 is connected to an inverter 138 the out 
put of which is connected to an input of a NAND gate 
140 a second input of which is coupled to the Q/output 
of ?ip-?op 122. The output of NAND gate 140 is con 
nected to the output line 52 to provide the clear-to-send 
signal CTSB. 
Of particular interest for purposes of the present in 

vention is input line 49a which is connected to an input 
of NAND gate 47. Line 49a provides the MED_BU 
SY/ signal. The output of NAND gate 47 is connected 
to one input of NOR gate 136, the output of which is the 
RTSB signal. Thus, whenever MED_BUSY/is active 
low, the RTSB signal is blocked. 
The operation of signal generator circuit 40 will now 

be brie?y described. When the carrier sense signal CRS 
on line 46 drops, timer 88 provides an active output 
signal on line 78 after 32 TXCLK pulse periods, corre 
sponding to the interframe spacing (IFS) time. The 
output of timer 88 is synchronized by ?ip-?op 90 to 
eliminate any possible voltage spikes. The CRS/signal 
at the output of inverter 98 ensures that ?ip-?ops 90 and 
92 are enabled when the signal CRS drops. The output 
of ?ip-?op 92 provides the window start signal WS at a 
time 32 TXCLK pulse periods after the CRS signal 
drops. When the window start signal WS on line 104 is 
inactive, it resets shift register 106. When the window 
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6 
start signal WS becomes active, it is delayed and in 
verted by shift register 106, header 109, and inverter 
112, to provide an inverted window end signal WE/ on 
line 114. The WS signal on line 104 and the WE/signal 
on line 114 are combined in AND gate 116 to provide 
the window signal WD which is active for a predeter 
mined number N of TXCLK pulse periods, where N 
lies between 1 and 8, and is selected by selecting a de 
sired one of the outputs QA to QH of shift register 106 
by connecting the corresponding equal numbered pins 
on header 109. In a preferred embodiment, the output 
QD of shift register 106 is selected, whereby, when the 
window signal WD has become active, it stays active 
for 4 TXCLK periods. 

If the signal RTSA on line 44 becomes active during 
the active state of the window signal WD, ?ip-?op 122 
provides the signal CDT on line 54, simulating a colli 
sion. The feedback from ?ip-?op 122 on line 128 to OR 
gate 120 ensures that when the signal CDT becomes 
active, it stays active until the falling edge of the signal 
RTSA (after controller 22 has transmitted the preamble 
and jam pattern). 

Inverter 138 and NAND gate 140 ensure that the 
signal CTSB follows the signal CTSA as long as the 
signal CDT is not active (no simulated collision). When 
CDT becomes active, then the signal CTSB also be 
comes active independently of the signal CTSA. 
The signal RTSB is produced-by utilizing NAND 

gate 47, AND gate 132, OR gate 130 and NOR gate 136. 
Thus, the signal RTSB does not follow the signal 
RTSA if the signal CDT is active (simulated collision), 
thereby preventing transmission of the preamble and 
jam pattern. Also, since the signal CTSA/from inverter 
138 is applied to NAND gate 140 together with the 
output of ?ip-?op 122, the signal CTSB follows the 
signal CTSA as long as CDT is inactive. Furthermore, 
the RTSB signal is not generated if MED_BUSY/is 
applied to NAND gate 47. This prevents transceiver 20 
and antenna 14a (FIG. 4) from transmitting. 

It should be noted that although the CRS signal and 
MEDIUM_BUSY signal are related, MEDI 
UM__BUSY will always be asserted just prior to the 
generation of CRS by transceiver 20. 
The operation of LAN station 10 will now be brie?y 

described. As shown in FIGS. 1 and 4, LAN station 10 
has at least two antennas 14a and 14b. Each antenna is 
capable of transmitting and receiving data. Each an 
tenna “listens” for RF signals from other stations in its 
network by monitoring the airwaves. When an RF 
signal is received by either of the antennas, the electri 
cal signal MEDIUM_BUSY is generated by the trans 
ceiver 20 connected to the antenna (FIG. 4). Open 
collector inverter 51 drives line 49a low and the signal 
MED_BUSY/is provided to the signal generator 40 of 
each NIC in station 10. As discussed previously, the 
MED_BUSY/ signal prevents each transceiver 20 from 
receiving the request-to-send signal RTSB. This blocks 
transmissions from transceiver 20 which prevents all 
antennas connected to LAN station 20 from transmit 
ting as long as one of the other antennas is receiving RF 
signals. As soon as the reception of RF signals ceases, 
the MEDIUM_BUSY signal is deactivated. 

Signal data that is received from AREA-1 by antenna 
14a of LAN station 10 is stored in memory 26 (FIG. 4). 
If the data is destined for stations in AREA-2, it is trans 
mitted from antenna 14b after MEDIUM_BUSY is 
deactivated. 
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It will be clear to those skilled in the art that the 
present invention is not limited to the speci?c embodi 
ment disclosed and illustrated herein. Numerous modi? 
cations, variations, and full and partial equivalents can 
be undertaken without departing from the invention as 
limited only by the spirit and scope of the appended 
claims. 
What is desired to be secured by Letters Patent of the 

United States is as follows. 
What is claimed is: 
1. A method of linking two wireless local area net 

works (LANs) comprising: 
providing a processing station having at least two 

antennas, each antenna transmitting and receiving 
information in a respective LAN; 

receiving RF signal data on a ?rst of said antennas; 
generating an electrical signal in response to said RF 

signal; and 
using said electrical signal to prevent the other anten 

nas from transmitting as long as the ?rst antenna is 
receiving RF signal data. 

2. The method of claim 1 further comprising: 
deactivating said electrical signal when reception of 
RF signal data terminates. 

3. The method of claim 2 further comprising: 
storing signal data received by said ?rst antenna in 

said processing station and transmitting it from 
another antenna after said electrical signal is deacti 
vated. 
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4. A method for operating a wireless local area net 

work (LAN) station which has ?rst and second anten~ 
nas for communicating with ?rst and second LANs, 
respectively, comprising: 

blocking transmissions from one antenna when the 
other antenna is receiving RF signals; 

wherein each antenna monitors the airwaves for RF 
signals when neither is transmitting; ' 

generating an electrical signal from an antenna when 
it receives RF signals; and 

using the electrical signal to control transmission 
from the other antenna. 

5. A local area network (LAN) station comprising: 
first and second transceiver and antenna assemblies 

for communicating with ?rst and second LANs, 
respectively; and 

means for blocking transmissions from said ?rst trans 
ceiver and antenna assembly when said second 
transceiver and antenna assembly is receiving RF 
signals; 

a processor; - 

?rst and second network interface cards connecting 
respective ?rst and second transceiver and antenna 
assemblies to said processor; 

said blocking means including a signal line intercon 
necting said transceiver and antenna assemblies and 
interface cards; 

wherein each of said transceiver and antenna assem 
blies is connected to said signal line by an open 
collector transistor. 

* * * * * 


